, immune transforming growth factor-β (TGF-β) and antioxidant [superoxide dismutase (SOD), glutathione peroxidase (GPx), glutathione reductase (GR), catalase (CAT) and glutathione S-transferase (GST)] response, and heat shock protein 70 (HSP70) mRNA levels were determined in muscle and liver. Our data indicated that final weight, weight gain, FCR and SGR showed significant difference among the six dietary treatments (P<0.05) while there were no significant differences in survival rate between the rainbow trout from supplement fed groups and control group. HSP70 mRNA level expression in muscle was higher in fish fed SSO (P<0.05) while highest level in liver was obtained from fish fed SBO compared to the other treatments (P<0.05). There were no significant differences among treatments for TGF-β mRNA expression level in muscle and liver. In conclusion, growth performance and expression levels of growth hormones, antioxidants, HSP70, except TGF-β were affected by five separate lipid sources. In addition, LO positively increased growth performance of juvenile rainbow trout by means of preventing oxidative stress and HSP70 and, enhanced expression of growth hormone related gene.
Plant oils (PO) are readily available, utilizable in feedstuffs, cost-effective, environmentally and economically sustainable (Turchini et al., 2003; Teoh et al., 2011) . On the other hand, PO do not contain n-3 long-chain polyunsaturated fatty acids (n-3 LC-PUFA) (Teoh et al., 2011) . As documented in the previous studies, single or a mixture of plant oils can be used as alternative lipid sources (Sargent and Tacon, 1999; Bell et al., 2003; Richard et al., 2006; Gatlin et al., 2007; Webster et al., 2007; Bell and Waagbo, 2008; Panserat et al., 2009; Teoh et al., 2011; Bogevik et al., 2014; Moldal et al., 2014; Carmona-Osalde et al., 2015; Geay et al., 2015; Han et al., 2015; Betiku et al., 2016; Carbone and Faggio, 2016; Teoh and Ng, 2016; Azeredo et al., 2017; Brum et al., 2017; Caballero-Solares et al., 2017; Nayak et al., 2017) .
Oncorhynchus mykiss is the most important salmonid fish species owing to its aquaculture potential, economic value and wide consumer demand (Kocabas et al., 2011) . Global production of rainbow trout is rapidly increased depending on increasing demand. Moreover, requirement of commercial pelleted feeds and importance of alternative feedstuffs is increased in global production (Turchini and Francis, 2009; Teoh et al., 2011) . Concomitantly, nutritional status affects the endocrine system having a central role in the modulation of growth and nutrient utilization (Chen et al., 2012) . In this framework, the aim of the study was to examine effect of supplementation of different dietary lipid sources (cod liver oil, CO; soybean oil, SO, rich in n-6 PUFA; linseed oil, LO, rich in n-3 PUFA; safflower seed oil, SSO, rich in 18:2n-6) on growth performance (SGR, WG, FCR, SR) of rainbow trout juveniles. The specific objectives were to: (1) assess expression of growth hormones (GH-I, IGF-I, IGF-II); (2) evaluate expression levels of antioxidant enzymes (SOD, CAT, GR, GPx, GST); (3) determine expression of heat shock protein 70 (HSP70); (4) assess expression of immune response genes (TGF-β).
material and methods
Fish (n=600; 2.28±0.02 g, mean±SEM) were obtained from a local supplier (Erzurum, Turkey) and transferred to the laboratory. The fish were acclimatized to the laboratory conditions in a fiberglass tank for two weeks. Fish were then randomly stocked into tanks (50 L). The feeding trial was conducted for 8 weeks. The photoperiod was 14L:10D. Dissolved oxygen was measured with a Smartoxy Oxymeter (Technos Company, Chioggia, Italy). Temperature, pH and dissolved oxygen saturation in the treatments were 13.0±0.2 o C, 7.4 and 75-80%, respectively. The fish were fed to satiety four times at a day. At the end of the feeding trial, five fish per tank were sacrificed and were sampled and stored at -80 o C for molecular analysis.
Experimental diets
Six iso-nitrogenous and iso-lipidic casein-gelatin based experimental diets with varying dietary sources were formulated. The sources of dietary lipid were cod liver oil [CO (14%) diet, rich in highly unsaturated fatty acids]; safflower seed oil [SSO (14%) (Table 1) . Dry ingredients were mixed homogenously in a Hobart mixer. Then, the oil was thoroughly mixed with the ingredient mixture and distilled water was added. The moist dough was screw pressed through a 2-mm die and the feed pellets formed were fan-dried and stored frozen at −20°C until use. total rna isolation and cdna preparation Triplicates of fish (n=15) from each feeding group were analyzed for gene expression of GH-I, IGF-1, IGF-II, TGF-β, SOD, CAT, GR, GPx, GST and HSP70 in muscle and liver. Total RNA was isolated from 50 mg frozen muscle and liver tissues with a RNeasy Lipid Tissue Mini Kit (Qiagen cat. no. 74804) using the Qiacube robot (Qiagen, Hilden, Germany). RNA was treated with DNase I in order to avoid genomic contamination. RNA concentrations and quality were verified by means of nanodrop spectrophotometer and RNA gel electrophoresis, respectively. Following isolation, cDNA synthesis was performed using the ThermoScript™ RT-PCR System for FirstStrand cDNA Synthesis Kit (Invitrogen) according to the manufacturer's protocol. All cDNA was stored at −20°C until use. taqman probe and primer design Primers and TaqMan probes were designed in Primer3 software (v. 0.4.0) (http:// bioinfo.ut.ee/primer3/) using rainbow trout muscle and liver GH-I and TGF-β BLASTed to ensure correct mRNA sequences. IGF-I and IGF-II primers and TaqMan probes were used from Aksakal et al. (2010) . β-actin was used as a suitable reference gene since it was not affected by any of the treatments (Johansen and Overturf, 2005) . In order to perform real-time PCR, TaqMan probe of the target and reference gene was conjugated with FAM/TAMRA. The primer and probe sequences, amplification length and GenBank accession number for real-time PCR are provided in Table 2 .
Real-time PCR and gene expression analysis
Quantification of gene expression by real-time PCR analysis was performed using a thermal cycler Qiagen Rotor-Gene. The real-time PCR was carried out in a reaction volume of 50 μl containing template DNA, 900 nM of both target and reference forward and reverse primers, 250 nM of both target and reference TaqMan probes, and 25 μl of Fast Start TaqMan Probe Master (Applied Biosystems) which consists of AmpliTaq Gold DNA Polymerase, Amp Erase uracil N-glycosylase (UNG), dNTP with dUTP, and optimized buffer component. Amplification and detection of the samples and the standards were performed using the following thermal cycling conditions: 50°C for 2 min for activation of optical Amp Erase UNG enzyme, 95°C for 10 min as hot start to activate Ampli Taq Gold DNA polymerase followed by 45 cycles of denaturation at 95°C for 15 s, and annealing and extension at 60°C for 1 min. Realtime PCR data were analysed using the efficiency (e)(−ΔCt) method, which is used to determine mRNA levels in gene expression against control group and reference gene β-actin. Analytical sensitivity was confirmed by running standard curves. Amplification efficiency (E) was calculated based on the slopes of the curves (slope) using the formula E=10 (-1/slope) (Pfaffl 2001) , and the slope value via Rotor-Gene software. Also, we used the GeneGlobe Data Analysis Center (Qiagen) to construct hierarchical clustering analysis of the genes as up-or down-regulated. 
statistical analysis
All experimental data analyses were performed by one-way analysis of variance (ANOVA) using the software package SPSS 14.0 for Windows. Duncan's multiple range test was applied if there were significant differences among the treatments means. All percentage data were arcsine transformed prior to being analysed statistically. Normality and homogeneity of variance were confirmed prior to analysis. Data was subjected to a Student-Newman-Keuls post-hoc test for homogenous subsets. Significance was set at P<0.05 following confirmation of normality and homogeneity of variance.
results
The means of initial weight, final weight, weight gain, SGR, FCR and survival rate in the six dietary treatments are presented in Table 3 . Final weight, weight gain, SGR and FCR were significantly affected by different lipid sources (P<0.05) while survival rate was not affected by dietary treatments. Growth hormone genes mRNA expression levels in rainbow trout muscle and liver are presented in Figure 1 . GH-I mRNA expression level in muscle and liver was highest in fish fed LO and SBO+LO compared to other treatments (P<0.05). Fish fed diet SBO+LO had significantly higher IGF-I mRNA expression level in muscle and liver than the other experimental groups (P<0.05). IGF-II mRNA level expression in muscle was higher in fish fed SBO than other diets (P<0.05) while highest level in liver was obtained from fish fed SSO+LO (P<0.05).
There were no significant differences among treatments for TGF-ß mRNA expression level in muscle and liver ( Figure 2 ). Superscript letters indicate significant differences among treatments (P<0.05) Figure 2 . The mRNA expression levels of TGF-ß in rainbow trout muscle and liver. TGF-ß expression at 100% FO group was chosen as the calibrator and in other groups was represented as fold changes from the calibrator. Data are presented as means±SEM. Superscript letters indicate significant differences among treatments (P<0.05)
HSP70 mRNA expression level in muscle was higher in fish fed SSO (P<0.05) while the expression level of liver in SBO diets were significantly higher than the other groups (P<0.05) (Figure 3 ). Antioxidant related genes mRNA expression levels in rainbow trout muscle and liver are given in Figure 4 . SOD mRNA expression level in muscle was higher in fish fed SSO compared to the other treatments (P<0.05) while highest level in liver was obtained from fish fed SSO+LO (P<0.05). Fish fed diet SSO had significantly higher GPx mRNA expression level in muscle and liver compared to the other dietary treatments (P<0.05). GR mRNA expression level of muscle in group CO was higher compared to other groups (P<0.05) while highest level in liver was obtained from fish fed SBO (P<0.05). CAT mRNA expression level in muscle was higher in fish fed SBO+LO compared to the other treatments (P<0.05) while highest level in liver was obtained from fish fed SSO (P<0.05). GST mRNA expression level in muscle was higher in fish fed SSO compared to the other groups (P<0.05) while highest level in liver was obtained from fish fed SSO+LO (P<0.05). Hierarchical clustering of gene expression was used as a visualization tool to identify expression patterns among replicates. Genes were clustered vertically according to the similarity in their expression across different diets ( Figure 5 ). In fast muscle, CAT was placed in a separate node relative to all of the antioxidant related genes, indicating a distinct expression pattern whereas the SOD, GST and GR were clustered together. GH-I, IGF-I, IGF-II and CAT were clustered together. TGF-ß, GPx and HSP-70 were clustered together (Figure 4 a) . In the liver, two main clusters were obtained: one with GH-I, IGF-I and IGF-II another containing with GST, SOD, TGF-ß, CAT, GPx, GR and HSP-70, in which TGF-ß occupied a superior hierarchical position (Figure 4 b) .
discussion
Fish oil (FO) has been used as the major source of lipid in aquaculture due to containing excessively high n-3 essential fatty acids [the highly unsaturated fatty acids (HUFA) eicosapentaenoic (EPA, 20:5n-3) and docosahexaenoic (DHA, 22:6n-3) acids] thus far (Turchini and Francis, 2009; Tocher 2010 Tocher , 2015 González-Félix et al., 2016) . Interest has recently grown in the role and usage of new lipid resources due to increasing demand for global aquafeed production, the economic pressure, decreased production and increased prices of fish oil (FO) (Teoh et al., 2011; Han et al., 2015; González-Félix et al., 2016) . Hence, trials using plant oils (PO) as alternative lipid sources have been conducted in aquatic animals on account of being cheap, abundant, and relatively stable (Sargent and Tacon, 1999; Bell et al., 2003; Richard et al., 2006; Gatlin et al., 2007; Webster et al., 2007; Bell and Waagbo, 2008; Panserat et al., 2009; Teoh et al., 2011; Bogevik et al., 2014; Moldal et al., 2014; Carmona-Osalde et al., 2015; Geay et al., 2015; Han et al., 2015; Betiku et al., 2016; Carbone and Faggio, 2016; Teoh and Ng, 2016; Azeredo et al., 2017; Brum et al., 2017; Caballero-Solares et al., 2017; Nayak et al., 2017) . In addition, in recent years, researchers are interested to investigate hepatic gene expression variation related to either fish oil or fish meal replacement in salmonids due to being new molecular markers associated with the intake of the plant based feeds (Jordal et al., 2005; Panserat et al., 2008; Leaver et al., 2008; Panserat et al., 2009; Wacyk et al., 2012 : Peng et al., 2014 Rolland et al., 2015; Mente et al., 2017) . As far as the authors of this work are aware, there are no reports on the effect of different dietary plant oils on growth performance and expression of growth hormones, oxidative stress-related genes, heat shock protein 70 (HSP70) and immune response gene (TGF-ß) in liver and muscle of juvenile rainbow trout. In light of the above researches, we examined different dietary lipid sources on growth performance and expression levels of growth hormones, antioxidants, HSP70 and TGF-β in juvenile rainbow trout. Overall, we fundamentally evaluated replacement of SBO with LO and SSO. In addition, diets were supplemented with LO for compensation of linoleic acid (LA;18:2n-6) deficiency. Briefly, the positive results were not obtained from SSO as alternative plant lipid source instead of SBO in terms of growth parameters unlike LO. Besides all these results, it was determined that increased growth rate likely correlated with enhanced growth hormone levels and reduced oxidative stress and HSP70.
The replacement of dietary FO with alternative plant oils has been studied in freshwater and marine organisms thus far (Sargent and Tacon, 1999; Bell et al., 2003; Turchini et al., 2003; Richard et al., 2006; Gatlin et al., 2007; Webster et al., 2007; Bell and Waagbo, 2008; Panserat et al., 2009; Teoh et al., 2011; Emre et al., 2015; Han et al., 2015; González-Félix et al., 2016) . In some studies, it was determined that growth performance in some fish species and invertebrates (sea bream Sparus aurata, rainbow trout Oncorhynchus mykiss, cobia Rachycentron canadum, meagre Argyrosomus regius, Senegalese sole Solea senegalensis, swimming crab Portunus trituberculatus) was not influenced by FO replacement with plant oils (MartinezLlorens et al., 2007; Turchini et al., 2009; Trushenski et al., 2011; Sales and Glencross, 2011; Nasopoulou and Zabetakis, 2012; Benítez-Dorta et al., 2013; Emre et al., 2015) . Consistent with previous studies, survival rate was not significantly affected by different lipid sources compared to the control diet. Contrary to findings by previous studies, our results showed that weight gain, SGR and survival rate were highest in diet containing LO compared to the control diet. This is because essentially fatty acids are synthesized from α-linolenic acid (ALA; 18:3n-3) in LO by fish.
The growth hormone (GH) is a pluripotent hormone secreted by the somatotrophs of the anterior pituitary gland in teleosts (Reinecke et al., 2005; Futawaka et al., 2016) and modulates growth by way of increased protein synthesis and decreased lipolysis in vertebrates (Biga and Meyer, 2009 ). In addition, GH plays a crucial role in physiological processes such as reproduction, skeletal and soft tissue, immune function, and the regulation of ionic and osmotic balance, metabolism of lipid, protein and carbohydrate in fish (Reinecke et al., 2005; Hoseinifar et al., 2017) . The GH/IGF (growth hormone/insulin-like growth factor) system is organized by GH, GH receptor (GHR), IGF-I and IGF-II, IGF receptors (IGFRI and IGFRII), and IGF binding proteins (IGFBPs) (Gabillard et al., 2006) . In particular, insulin-like growth factor-I (IGF-I) promotes growth in large part depending on nutrient availability (Duan, 1998; Moriyama et al., 2000; Leroith et al., 2001; Wood et al., 2005; Terova et al., 2007; Fox et al., 2010) . The production of IGF-I and activation of the Janus kinase (JAK)/signal transduction and activator of transcription (STAT) pathway are induced by the binding of GH to GH receptors (GHR) on the hepatocyte membrane (Futawaka et al., 2016) . Insulin-like growth factor-II (IGF-II) is indicated to show a high structural homology with IGF-I (Vong et al., 2003; Terova et al., 2007; Fox et al., 2010) and extensively expressed in juvenile and adult fish (Reinecke et al., 2005; Fox et al., 2010) . IGFs stimulate growth, myocyte hypertrophy during muscle regeneration and, proliferation and differentiation of muscle precursor cells (myoblasts or satellite cells) (Florini et al., 1996; Musaro et al., 1999; Terova et al., 2007) . There is a need to examine effect of dietary lipid sources on expression of the GH/ IGF system because nutrient considerably affects the GH/IGF system being complex regulation network (Gabillard et al., 2006; Safari et al., 2016 Safari et al., , 2017 . Consistent with result of the growth parameters, GH-I, and IGF-I gene expression levels of muscle and liver in group SBO+LO were higher compared to other dietary treatments in present study.
The main responsible enzymes [catalase (CAT), superoxide dismutase (SOD), glutathione reductase (GR), glutathione S-transferase (GST) and glutathione peroxidase (GPx)] protect the biological systems against ROS-mediated damage (Cabrita et al., 2014; Saddick et al., 2015) . Feeding is important in terms of maintaining the pro-oxidant-antioxidant balance (Covey, 1986; Martinez-Alvarez et al., 2005; Alu-wong et al., 2013) . Therefore, studies about the role of dietary nutrients or additives on the antioxidant enzyme activities in animals have been increased recently. In addition, as mentioned previously, antioxidant enzyme mRNA expression levels have been increased by dietary fish oil while free radical-induced tissue damage decreased (Fernandes et al., 1996; De Pablo and De Cienfuegos, 2000) . Furthermore, the oxidation is reduced by low levels of lipid in diets and the growth rate increase in fish (Rueda-Jasso et al., 2004) . Hence, gene expression of the main enzymatic antioxidants was assessed in present study. Our results indicated that CAT, SOD, GST, GR and GPx gene expression levels varied in muscle and liver. Interestingly, SOD, GPx, CAT and GST gene expression levels were significantly increased by SSO and diets containing SSO. In contrast, CAT, SOD, GST, GR and GPx gene expression levels were highly reduced in fish fed LO or diets including LO. In parallel with these results, the best results were obtained from LO in terms of growth parameters. The polyunsaturated fatty acids (PUFA) are essential for fish development and classified as n-3 long chain polyunsaturated fatty acids (n-3 LC-PUFA) and n-6 long chain polyunsaturated fatty acids (n-6 LC-PUFA). 18:n-6 (ALA) and 20:4n-6 (ARA) are most important fatty acids of n-6 LC-PUFA. SSO and SBO used in this study are rich in 18:2n-6. However, these fatty acids are not the substrate for synthesis of EPA and DHA, which are incorporated into membrane structure. Moreover, n-6 fatty acids are more susceptible to lipid peroxidation compared to n-3 fatty acids and oxidized rapidly (Lands et al., 1973; Culp et al., 1979; Venkatraman et al., 1994) . 18:3n-3 (ALA) is the most important fatty acid of n-3 LC-PUFA. The fatty acid is the substrate for synthesis of EPA and DHA for fish. In present study, LO has lipid source containing n-3 long chain polyunsaturated fatty acids. For these reasons, SSO or SBO were supplied with LO for providing n-3 long chain polyunsaturated fatty acids.
Heat shock proteins (Hsps) are important due to involvement in the folding and translocation of newly synthesized proteins and repair of damaged proteins denatured after stress (Kalmar and Greensmith, 2009; Tovar-Ramírez et al., 2010; Wang et al., 2016) . HSP70 is an environmentally inducible heat shock protein (HSP), and moves as a chaperone in modulation of normal protein function (Santacruz et al., 1997) . HSP70 is one of biomarkers for cellular stress and revealing the effect of dietary treatments and, provides maintenance of cellular homeostasis (Iwama et al., 1998; Ravagnan et al., 2001; Kim et al., 2005; Tovar-Ramírez et al., 2010; Sankar Giri et al., 2016) . The expression of stress proteins (HSP70) is stimulated by environmental and physiological stresses and synthesised in response to stresses (Pelham, 1986; Voznesensky et al., 2004; Rajeshkumar et al., 2013) . In this study, the variations were observed in HSP70 mRNA expression level at different tissues. HSP70 mRNA expression level in muscle was lower in fish fed CO while lower levels in liver were obtained from fish fed LO or diets including LO. The reduction of HSP70 gene expression in the rainbow trout following administration of SSO+LO and SBO+LO is possibly due to containing 18-3n-3 (ALA) of LO and resistance to common unwanted stresses increased during rearing period (Yarahmadi et al., 2014) . The results were similar with antioxidants mRNA expression levels in present study.
Immune system is most important for fish in terms of protection against pathogens (Whyte, 2007) and influenced by nutrition and feed additives (Yarahmadi et al., 2014; Hoseinifar et al., 2015 Hoseinifar et al., , 2016 Carbone and Faggio, 2016; Wang et al., 2016) . Growth rate is influenced by immune system and disease resistance (Tocher et al., 2001 (Tocher et al., , 2006 Fonseca-Madrigal et al., 2005; Jordal et al., 2005; Zheng et al., 2005; Li et al., 2007; Jaya-Ram et al., 2008; Zheng et al., 2009; Geay et al., 2010; NavarroGuillen et al., 2014; Geay et al., 2015; Chen et al., 2015) . As documented in previous studies, it has been suggested that gene expression can be altered by dietary components (Fonseca-Madrigal et al., 2005; Jordal et al., 2005; Zheng et al., 2005; Tocher et al., 2001 Tocher et al., , 2006 Jaya-Ram et al., 2008; Zdunczyk and Pareek, 2009; Geay et al., 2010; Navarro-Guillen et al., 2014; Geay et al., 2015) . TGF-β is one of anti-inflammatory cytokines and important for improvement of cellular defences in terms of enhancement of disease resistance (Whyte, 2007; Chen et al., 2015) . In addition to all these growth factors, the transforming growth factor-β (TGF-β) family is comprised of dimeric proteins modulating growth, differentiation and metabolism of many cell types (Funkenstein et al., 2010) . TGF-βs are crucial regulators of vertebrate muscle growth (Funkenstein et al., 2010) . Furthermore, TGF-β has a key role in the control of liver structure and liver disease progression is inhibited by the TGF-β signalling pathway (Fabregat et al., 2014 (Fabregat et al., , 2016 . Therefore, TGF-β gene expression level was measured in muscle and liver. Our results indicated that TGF-β mRNA expression fluctuated with different lipid sources. In contrast to results of growth parameters, expression of oxidative stress-related genes and growth hormone related genes, dietary SSO supplementation insignificantly increased expression of TGF-β mRNA.
conclusions
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